Abstract
Objectives
The objective of this study was to determine the prevalence of asymptomatic visceral leishmaniasisin Hamar and Banna-Tsamai districts of the South Omo plains where VL is becoming an emerging health problem of neglected communities.
Methods
A community based cross-sectional survey was conducted in 2013 between 25th of July and 14 th of August. A total of 1682 individuals living in 404 households were included in the study. Socio-demographic and clinical data were collected from each of the participants and venous blood was also collected for the detection of antibodies to visceral leishmaniasis using Direct Agglutination Test. Leishmanin Skin Test was performed to detect the exposure to the parasite. 
Results
The surveys included 14 villages located in areas where VL had been reported. In a study population of 1682 individuals, the overall positive leishmanian skin test and sero-prevalence rates respectively were 8.6% and 1.8%. A statistically significant variation in the rate of positive LST response was observed in different study sites and age groups. Positive LST response showed an increasing trend with age. The sero-prevalence rate also showed a statistically significant variation among different study sites. Higher rates of sero-prevalence were observed in children and adolescents. The LST and sero-prevalence rates in Hamar District exceeded significantly that of Banna-Tsamai District (10.7% versus 5.8% for LST; and 2.6% versus 0.7% for sero-prevalence).
Conclusion
The prevalence of asymptomatic VL infection in Hamar and Banna-Tsamai districts during the study period in 2013 was low compared to rates previously reported in other endemic areas of Ethiopia. This could be due to the fact that the disease is emerging in Hamar and Banna-Tsamai districts. Based on records of a nearby Hospital, increasing numbers of active VL cases have been reported in these districts through the years 2006-2012, especially in Hamar District. Both districts are important destinations of tourism, and thus the importance of surveillance should be emphasized. Detailed epidemiological and entomological studies are recommended.
Background
VL is a parasitic disease caused by species of the Leishmania donovani complex [1] . Following a successful bite and inoculation by the female phlebotomine sandfly, the parasite enters macrophages and establishes the infection [2] . The WHO estimates that worldwide about 500,000 new cases of VL occur every year [1] ; 90% of which is borne by 6 countries: India, Bangladesh, Sudan, South Sudan, Brazil and Ethiopia [3] . In global estimates; Sudan, South Sudan, Ethiopia, Kenya, and Somalia accounts for the second largest number of annual VL cases, after South Asia [4, 5] . Within the Eastern Africa region, VL is prevalent in many foci in Eritrea, Ethiopia, Kenya, Somalia, Sudan, South Sudan and Uganda where the number of VL cases has increased markedly in the past decade [4, 6] .
In the horn of Africa, Ethiopia is the third most affected country with an annual incidence of 3700-7400 cases [3] . The disease is known to be endemic in Metema and Humera plains in north west; in several localities of south western Ethiopia, i.e., the Omo plains, the Aba Roba focus in Segen valley, and Woito River valley adjacent to South Omo; in southern Ethiopia around Moyale area close to the borders with North Kenya; and in south eastern Ethiopia around Genale river basin in Oromia Regional State, Afder and Liban zones in Somali Regional State [4, 6] .
Hamar and Banna-Tsamai districts, localities in Lower Omo Plains (Fig 1) , adjoin neighboring VL endemic localities in south west Ethiopia; i.e., the Segen and Woito river valleys. These districts are also close to the areas where an outbreak of VL was reported in a battalion of British troops [7] .
The people living in Hamar and Banna-Tsamai districts are among those minority communities who do not have access to VL diagnosis and treatment services. Historically, the Lower Omo Plains has been a sparsely populated region, where VL used to occur only sporadically in areas west of Hamar and Banna-Tsamai districts affecting mainly children in the Nyangatom and Dasanetch communities. Recent observations show that VL in Hamar and Banna-Tsamai districts is emerging as a threat to community health, tourism and rural agro-industrial development. An ongoing sugarcane agro-industrial development scheme around Omo River that Visceral leishmaniasis in Lower Omo Valley, South West Ethiopia has brought significant demographic changes in the region is expected to impact the epidemiology of VL. Such has happened in early 70's and mid 90's in northwest Ethiopia where VL is presently a major public health problem.
Due to the increasing number of VL cases reported in Hamar District, we launched an epidemiological study of VL in Hamar and Banna-Tsamai districts, beginning with a study on prevalence of asymptomatic infections.
Methods

Study design
A community-based cross-sectional survey was conducted in the period 25 July-14 August 2013. The leishmanin skin test (LST) and direct agglutination test (DAT) were employed to measure exposure to leishmania and to determine prevalence of asymptomatic infection.
Study area
The study was conducted in Hamar and Banna-Tsamai districts, Lower Omo Valley, south west Ethiopia. Hamar Woreda (District) covers an area of 5,697.38 sq. km and had 24 kebeles (lowest administrative units in Ethiopia), of which 13 had previously reported VL. All the study kebeles in Hamar are found below 1000m above sea level, the lowest being Cherqeqa at 550m. Based on demographic figures published by the Central Statistical Agency (CSA) of Ethiopia in 2007, this Woreda had an estimated total population of 56,359.
Banna-Tsamai is a district adjacent to Hamar, covering an area of 2,922.76 sq. km and had 23 kebeles during the study, among which 3 kebeles (namely Olu, Luka and Birayle) had reported VL in the past. Olu is found 1285m above sea level whereas Luka is at 630m. According to CSA 2007 report, the district had an estimated total population of 50,814.
Of 
Sample size
Sample size was calculated by using a single population proportion formula taking 50% as estimate of prevalence and a 3% margin of error. With a design effect of 1.5 and considering a10% non-response rate, the final sample size was calculated to be 1760.
Sampling sites and sampling technique
The sampling sites were selected in kebeles where VL cases were recently reported. Table) were urban settings, and thus were also excluded. Accordingly; 3 kebeles (Besheda, Cherqeqa, Sinbile) in Hamar and 2 kebeles in Banna-Tsamai (Olu and Luka) were the selected study kebeles (S2 Table) . In these 5 kebeles, 14 villages/clusters were identified to comprise sampling sites based on a sample size of 1760 individuals. To include a study population of 1760 individuals, approximately 440 households were needed (average household size = 4). The 440 households were distributed across the 14 villages, proportional to the number of households in each village. Households were then randomly selected using the register that was available in the kebele office.
Questionnaire and clinical examination
Socio-demographic characteristics were collected using pre-structured questionnaires. An enrollment form containing past medical history, medical complaints and other demographic data was completed for every individual. A general clinical examination was performed in each individual with particular reference to hepatosplenomegaly, presence/absence of fever or recent history of fever, enlargement of lymph nodes and presence of scars of previous cutaneous leishmaniasis and/ or post kala azar dermal leishmaniasis [PKDL] . In sick looking subjects having complaints of abdominal pain/swelling and/or fever and weight loss, liver size was measured in the mid-clavicular line from the costal margin; and the spleen size was assessed by measuring the distance between the coastal margins in the anterior axillary line to the tip of the spleen. Lymphadenopathy was classified as localized if found only at one site and generalized if found in two or more sites [5] .
Sample collection and processing
The total blood volume collected was 5 ml from adults and 3 ml from children. The rk-39 rapid diagnostic test was performed while in the field, whereas Direct Agglutination Test was performedin the facilities of Leishmaniasis Research and Diagnostic Laboratory-Addis Ababa University (LRDL-AAU).
Leishmanin Skin Test
The Leishmanin skin test (LST) is a test for Delayed Type Hypersensitivity (DTH) reaction specific to leishmania parasites, also known by the name Montenegro Test. The antigen (lot # 126-3/06-2010) prepared from L. major MRHO/IR/75/ER was kindly provided by Dr. Alimohammadian, Pasteur Institute of Iran. In this test, 0.1 ml of a 5 × 10 6 /ml suspension of leishmania promastigotes prepared in pyrogen-free phosphate buffered saline was injected on the volar aspect of the forearm. After 48 to 72 hours, the size of indurations was measured using the ball point method as previously described [8] . Results were recorded as average of two dimensional readings (Fig 2) . Induration size of 5.0 mm and above were considered positive [8] . This L. major based leishmanin antigen had previously been used in South and Eastern Ethiopia in VL surveys [8] [9] [10] [11] .
Direct Agglutination Test (DAT)
Blood samples were collected by venipuncture from a peripheral vein. Serum was separated by centrifugation from coagulated blood. DAT was performed as previously described using a freeze-dried antigen obtained from KIT [12] . In brief, serially diluted serum samples were incubated in v-shaped micrtotitre plates with killed coomassie blue stained and fixed promastigotes of Leishmania donovani prepared from MHOM/SD/68/IS [12] . The plates were incubated at room temperature for 8-12 hours and then read visually. In serum samples that did not contain anti-Leishmania antibodies, the antigen sediments to the bottom of the well and formssharp blue dots; and in those where anti-Leishmania antibodies were present, agglutination was visible as a mat, or a dot with frayed edges or an enlarged dot [5, 12] as depicted in Fig 3. DAT is a semi-quantitative test requiring a cut-off titre for determining positive and negative test results. A cut-off titre 1:1600 (Fig 3) was used in this study as previously recommended for Ethiopia [13] .
Rk-39 immunochromatographic test
This is a simple field adapted immunochromatographic test used for rapid diagnosis of VL. We used DiaMedITLeish (supplied by DiaMed AG, BioRad, USA) for testing clinically suspected 
Data analysis
Data was entered into an excel sheet, checked for completeness, exported to SPSS version 20 and Epi Info 7, and analyzed by the same. Chi-square and the corresponding p-values were used to determine the statistical significance of the proportions/ratios obtained from the cross tabulated data. A p-value < 0.05 was considered statistically significant. Odds Ratio and the 95% CI were computed from a 2x2 table using Epi Info 7.
Ethical consideration
Ethical clearance was obtained from Jimma University Research and Ethics Review Committee. Permission was also obtained from the respective Woreda (District) Health Bureaus in Hamar and Banna-Tsamai. A written informed consent was sought from each individual prior to involvement in the study. For children, their parents were asked to involve them in the study, and to give consent on their behalf. Patients who fulfilled case definition of VL and became positive on rk-39 immunochromatographic test were sent to Arbaminch Hospital for detailed physical and laboratory examinations, and treatment for VL upon confirmation of the diagnosis.
Results
Characteristic of the study population
A total of 1682 (S2 Table) ; i.e., 96.6% of the planned 1760 individualsliving in 404 households; i.e., 925(55.0%) females and 757(45.0%) males from different age groups, were included in the study. The minimum age of an individual included in the study was 18 months. Each study subject had undergone physical examination, LST and DAT. LST was administered to1513 subjects, of which 1220 had returned after 48-72 hours for reading induration sizes of the DTH reactions to leishmanin; whereas all 1682 individuals had been tested for the presence of antibodies to leishmania using DAT. The majority of the study subjects (58%) were from Hamar Woreda and the remaining (42%) were from Banna-Tsamai. Majority of the study subjects (40.7%) were less than 10 years of age followed by 10-19 years of age (23.0%). Those aged 60 and above were 2.5% of the study subjects.
Active cases of VL
Among the 1682 individuals examined, there were 23 individuals who had palpable spleen or hepatosplenomegaly. The 23 individuals claimed a recent history of fever, while three had an observed fever. All the 23 individuals were tested by rk-39 immunochromatographic test, of which two were positive and sent to Arbaminch Hospital for further confirmation of diagnosis. The patients were treated with sodiumstibogluconate at 20mg/kg body weight for 30 days following parasitologic confirmation.
Leishmanin Skin Test
LST and DAT positivity ratesshowed variation by geographic location (Table 1) , age groups (Table 2 ) and gender ( Table 3 ). The overall LST positive rate was 8.6% (8.2% in males, 9.0% in females).
Variations in the prevalence of LST positivity in different study villages/clusters, as shown in Table 3 , depicted highest prevalence of 22.6% in Wisna; followed by Ayro (15.0%) and Luka (12.1%). When comparing the two districts, LST positive ratein Hamar was significantly higher than in Banna-Tsamai (P< 0.01, Table 3 ). No positive LST individuals were found in Bashaw, Seliya and Guge villages ( Table 1) . The difference in leishmanin positivity by sampling sites (village) was statistically significant (x 2 = 74.5: P <0.001) In terms of age of participants, the highest rates of LST positivity were found among adolescents and adults with rates of 21.7% in the age interval 20-29; 21.0% in the 30-39; and 22.7% in the 50-59 age groups ( Table 2 ). The lowest positivity rate was observed within the age group of less than 10 (0.8%) followed by of the 10-19 (6.2%). The difference in LST positivity by age group was statistically significant(F = 21.2: P<0.001).
Gender-wise, the difference in LST rates between males and females was not significant (Table 3) .
Direct Agglutination Test
Variations in the prevalence of DAT positivity were noted between different study sites. The highest sero-prevalence rate was found in Cherqeqa kebele, with Ayro and Wisnia villages respectively showing rates of 4.7% and 4.3% (Table 1) . Argude, a village in Besheda kebele had a high sero-prevalence rate of 3.1%. Cherqeqa, the kebele with the highest positive rate of DAT had a concurrent highest positive rate of LST (Table 1) . Among all DAT positive cases, two (one male and one female) had previous treatment history. The difference in DAT positivity by sampling sites (villages) was statistically significant (X 2 = 31.8; P < 0.001).
Age-wise, individuals in the age group 10-19 and 20-29 had highest DAT positivity rates of 2.5-2.6% (Table 2) . No DAT positive cases were found in the age groups above 40. These differences of DAT positivity by age groups was not significant (F test = 1.0; P = 0.42).
Unlike LST which showed no significant differences between males and females, sero-prevalence rates varied significantly between males (2.8%) and females (1.0%) (X 2 = 7.71, P< 0.01; Table 3 ).
LST and DAT
A 2 x 2 table of the LST and DAT data shown in Table 4 also DAT positive (Table 4) . Similarly for LST, the risk of becoming DAT positive is higher among LST positives than LST negatives (7.6% versus 1.7%).
Discussion
In areas of anthroponotic transmission, it is known that asymptomatic infections of leishmania in man play a significant role in transmission [3, 14] . Even in areas where VL is zoonotic, it is speculated that asymptomatic individuals could contribute to transmission [3] . Thus, it is important to determine the level of exposure and infection to leishmania in VL endemic regions.
LST is a valuable tool in detecting exposure to leishmania parasites in epidemiologic surveys and its usefulness to detect asymptomatic infection has been shown by many authors [9] [10] [11] 15] . On the other hand, the test has several limitations, including lack of adequate sensitivity and specificity, and its inability to distinguish current from past exposure due to the longevity of positive LST reactions. However, its use in marking endemicity levels remains remarkable.
In this study, LST positivity rates varied between different age groups, gender and study sites. The high rate of positive LST among those individuals above the age of 19, except in the above 60, is typical of many endemic regions of Ethiopia. This observation is probably attributable to outdoor exposure to sand fly bites, possibly associated with occupational activities specific to adolescents and adults in Hamar, Banna and Tsamai. Similarly, the low rate of skin test positivity in the under 10 year old indicates the lower exposure of children to sand fly bites. In addition, adults would have higher cumulative exposure rates (booster exposures) as a result of life time encounters with sand flies. The high proportion of LST positivity observed during adulthood and in older age groups in this study and the relatively lower rate in those less than 10 years of age is in line with data from other studies carried out in endemic localities of Lower Awash valley in Eastern Ethiopia [10, 11] . Most VL infections in Eastern Africa region are acquired outdoors either in peri-domestic surroundings or in forests. It also takes place in farming areas of northwest Ethiopia and eastern Sudan [16] .
In this study, we also observed marked micro-focal variations in LST positivity; with the highest prevalence observed in Wisina followed by Ayro and Luka villages while no LST positive cases were found in Bashe, Seliya and Guge villages ( Table 1 ). All the study sites with high LST positivity are found at altitudes less than 500m as is the case in Middle Awash valley (Eastern Ethiopia) and in the northwest part of the country. The main vectors of VL in Ethiopia, i.e., Phlebotomus martini and P. orientalis as well as other suspected vectors such as P. alexandri are known to co-exist in the lowlands of Hamar and Tsamai. We have earlier reported the predominance P. orientalis in Nyangatom and Dasanetch districts; and P. martini in Woito [17] Micro-ecological differences such as altitude, soil type, presence and absence of termite mounds which serve as a resting place for sand fly vectors and the type of vegetation that favor the breeding of insect vectors might also account for the observed micro-focal variation in LST positivity. In-depth epidemiological and detailed entomological studies are needed to explain the observed variations in prevalence of LST and DAT positivity. In this study, we found no significant differences in positive LST rates between males and females. This finding is different from reports of other studies carried out in Aba-Roba (Konso) by Hailu et al. [13] and in the middle awash valley by Ali et al. [10, 11] , where LST positive rate was found to be higher in male populations. Women of Hamar, Banna and Tsamai communities are highly involved in agricultural activities including cattle herding predisposing them to sand fly bites as much as their male counterparts.
The overall LST positivity observed in this study, 8.6%, is lower than those observed in Awash Valley, and Aba-Roba plains [10, 11, 13] . The low rate of exposure is also reflected by the low rate of DAT positivity, indeed indicating that VL is a sporadic endemics or an emerging health problem in these districts. One wonders if the disease has been spreading eastward from Nyangatom and Dasanetch or westward from the adjoining Segen and Woitu river valleys where VL is known to be endemic.
DAT is a highly specific and sensitive test to detect anti-leishmanial antibodies. The test is simple to perform making it ideal for both field and laboratory use [18] . In this study, among those found DAT positive, two of them (one male and the other female) had a previous history of treatment. It was previously shown that DAT may detect antibodies in VL patients many years after treatment [19] .
Sero-prevalence rate was highest in Besheda and Cherqeqa kebeles, where the majority of recently treated cases of VL have also originated. The highest DAT positive rates were found in Ayro, followed by Wisina and Argude villages. The presence of large scale agricultural activity in Wisina and Ayro villages might have contributed to the higher rates of DAT positivity. People living in those high DAT prevalence villages have agricultural farms alongside Woito River and spend most of their time working on the farms which might increase encounters with infective sandfly bites, specifically P. martini.
Even though DAT showed considerable variation among the study sites, the overall prevalence of 1.8% in this survey is lower than previous rates reported in Omo plains (around and Nyangatom and Dasanetch) and elsewhere [13, [20] [21] [22] .
Conclusion
In this study, we were able to note that asymptomatic infection of leishmania is focally prevalent. Localities with high positive LST or DAT rates were also those reporting the majority of VL cases. The data is suggestiveof an increasing incidence and geographic spread of VL within the Lower Omo Plains. Active transmission of VL is known to take place in adjoining districts of Konso in the East and Nyangatom and Dasanetch in the west where VL affects mainly children and adolescents. The apparent spatial clustering of infections as well as active VL, particularly in Besheda and Cherqeqa kebeles may suggest importation of the disease from adjoining endemic regions. In-depth epidemiological/molecular epidemiological and entomological studies are needed to assess the risks of a greater epidemic emerging. An emerging VL in Lower Omo plains is a threat to the ongoing socio-economic development schemes in Omo Valley and to the tourism industry in the region, notably in Hamar and Banna-Tsamai districts. 
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